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[57] ABSTRACT

A tracking control apparatus for use with an optical
information reproducing system in which information
to be reproduced is formed on a surface of a recording
carrier with a substantially circular record track, and a
light beam is incident on the surface for reading the
information, the apparatus including a photo-detector
for detecting the light beam reflected from the record-
ing carrier and generating an information signal and a
first tracking error signal, the first tracking error signal
being responsive to deviations by the light beam from
the center of the record track; a tracking control appa-
ratus receiving the first tracking error signal for adjust-
ing the position of the light beam in response thereto; a
measuring device for generating a second tracking error
signal indicative of the eccentricity of the record track;
and a circuit for supplying the second tracking error
signal to the tracking control apparatus to adjust the
position of the light beam in response thereto.

10 Claims, 11 Drawing Figures
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TRACKING SERVO APPARATUS FOR AN
OPTICAL INFORMATION REPRODUCING
SYSTEM

This is a continuation of application Ser. No.
06/299,537, filed Sept. 4, 1981, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a tracking control
apparatus for an optical information reproducing sys-
tem, and more particularly, to a tracking control appa-
ratus for an optical information reproducing system
which can perform the tracking control correction
regardless of the eccentricity of an optical recording
carrier such as a rotary disc.

2. Description of the Prior Art

A prior art tracking control apparatus for an optical
information reproducing system will be now explained
with reference to FIG. 1. In the prior art, as shown in
FIG. 1, a laser beam from a laser light source (not
shown) is introduced through a deflection beam splitter
1 to an objective lens 2. A beam from the objective lens
2 is converged on an optical recording carrier, such as
a rotary plate or disc 3, as a reference beam. The repro-
duced or reflected beam from the rotary disc 3 is re-
versed through the objective lens 2 and transmitted to
the beam splitter 1, where it is reflected by the beam
splitter 1 to a light receiving element or photo-detector
4,

On the signal record surface of the optical recording
rotary disc 3, an information signal is recorded on disc
3 in a coaxial or spiral (nearly coaxial) optical record
track. The information signal can be a PCM (pulse code
modulated) video signal or the like. For example, in one
prior art system, the optical record track is formed of
pit trains.

As shown in FIGS. 1 and 2, the light receiving ele-
ment or photo-detector 4 comprises first and second
light receiving members 4a and 4b which are divided
into two members by a boundary line L. The light re-
ceiving element 4 is arranged so that the tangential
direction of the record track on the rotary disc 3 corre-
sponds to the boundary line L. First and second light
receiving elements 4a and 4b generate signals from
which the difference between the envelopes of the re-
spective signals is formed and used as a tracking error
signal. The respective output signals from the light
receiving members 4a and 45 are fed to a differential
amplifier 5 functioning as a subtracter or comparator,
through an envelope detecting circuit, for example, low
pass filter 7. The tracking error signal delivered from
the differential amplifier 5 is supplied to a tracking con-
trol device or means 6. Tracking control device 6 is an
electro-mechanical transducer device which drives the
objective lens 2 or tracking mirror (not shown) in re-
sponse to the tracking error signal to carry out the
tracking correction.

In FIG. 2, reference letter B de51gnates a spot of the
beam reflected on the light receiving element 4. Beam
spot B comprises a non-diffraction beam area Bgand -+
and — primary diffraction beam areas B4 jand B_jon
the peripheral portion of the non-diffraction area Bo.
When the tracking of the reference beam is centered,
the distribution of the diffracted beams of the repro-
duced beam is symmetrical on both sides of a line tan-
gent to the record track and, the tracking error signal
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2

from the differential amplifier 5 is zero. When there is a
tracking displacement ‘or ‘deviation inthe reference
beam, the distribution of the diffracted beams becomes
asymmetrical. A tracking error signal, which has the
level and polarity in response to the amount and polar-
ity of the tracking displacement or deviation, is derived
from the differential amplifier 5.

The above prior art tracking control apparatus has
problems when the record track is not perfectly cen-
tered on disc 3, i.e., is.eccentric. When a tracking devia-
tion exists, the tracking control device 6 generates the
tracking corréction for the reference beam. The beam
spot B of the reproduced beam on the light receiving
element 4, however, is moved in a vertical direction
with respect to the boundary line L. As a result, the
output signal from the light receiving member, to which
the beam spot B moves, becomes large and functions as
an external disturbance for the tracking error signal,
thereby making the tracking control operation unstable.
This external disturbance becomes large as the eccen-
tricity (+100p) of the optical recording carrier or ro-
tary disc 3 is large.

The external disturbance of the tracking error signal
will be further described with reference to FIG. 3. FIG.
3A shows the waveform of a tracking error signal when
the tracking control device 6 is not supplied with the
tracking error srgnal Since the. dynamic range of the
tracking error srgnal corresponds to } of the track pitch,
the dynamic range of the tracking error signal is accord-
ingly very small. When an AC current, as shown in
FIG. 3C, is applied to the tracking control device 6 to
move the reference beam in a direction perpendicular to
a line tangent to the record track, the tracking error
signal of FIG. 3A is amplitude modulated by the AC
current illustrated.in FIG. 3C to form the signal shown
in FIG. 3B. The amount of displacement generated by
the tracking-control device -6 is proportional-to the
amount of eccentricity of the rotary disc 3 in its radial
direction, so that when the undulation of the tracking
error signal exceeds the value corresponding to  of the
track pitch, no tracking control correction is applied.

OBJECTS AND SUMMARY OF THE
INVENTION o

Accordmgly, it is an object of the present invention
to provide a novel tracking control apparatus for an
optical information reproducing system free from the
defects encountered in the prior art.

It is another object of the invention to provide a
tracking control apparatus:for an optical information
reproducingsystem which-can apply the tracking cor-
rection 1rrespect1ve of the eccentricity of an optical
recordingcarrier.

According to an aspect of the present invention, a
tracking control apparatus for an optical information
reproducing system in which a light beam for reading
the information is incident on a signal record surface of
a recording carrier having a substantially circular re-
cord track'is'formed, comprises:

a photdidetector for detecting the light bearn from
the recorditig ‘Carrier, and for generating an information
signal and a first tracking error signal responsive to the
deviations of the light from the center of the record
track;

tracking control means supplied with said first track-
ing error signal and for adjusting the position of said
light beam; -
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generating means. for measuring a second tracking
error responsive to.the eccentricity of the recording
carrier during at least one revolution of said recording
carrier; and

means for supplying the second tracking error signal
to the tracking control means to adjust the position of
the light beam in response thereto.

Other objects, features and advantages of the present
invention will become apparent from the following
detailed descrlptlon taken in conjunction with the ac-
companying drawings in which like reference numerals
designate the same or similar elements or. parts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a prior art
tracking control apparatus for an optical information
reproducing system;

FIG. 2 is a front view of a light receiving element
shown in FIG. 1;

FIGS. 3A-3C is a waveform diagram used to explain
the operation of the tracking control apparatus depicted
in FIG. 1;

FIG. 4 is a system block diagram of a tracking control
apparatus according to the present invention;

FIGS. 5A-5C is a waveform diagram used to explain
the operation of the embodiment of FIG. 4; and
"~ FIGS. 6 and 7 are system block diagrams showing
alternate embodiments of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

A first embodiment of the tracking control apparatus
for an optical information reproducing system accord-
ing to the present invention will be described with refer-
ence to FIG. 4 in which the parts or elements corre-
sponding to those of FIG. 1 are marked with the same
reference numerals and their description is not repeated
here. In FIG. 4, block 10 designates a measuring device
which measures the fluctuation or variation error in a
direction perpendicular to a tangent of the optical re-
cord track of the eccentricity of an optical recording
carrier over one revolution. Measuring device 10 in-
cludes a D-type flip-flop circuit 11 and an‘yp-and-down
counter 12. Up-and-down counter 12 is an"€ight bit (i.e.
0 to 255 values) presettable counter, with 128 selected as
its preset value.

In the illustrated embodiment of the mventlon in
FIG. 4, a tracking error signal (shown in FIG. 5B) from
a differential amplifier 5 is fed to a limiter amplifier 13 to
be shaped as a rectangular waveform signal which is
applied to clock input terminals of a flip-flop circuit 11
and a counter 12. The output signals from the light
receiving members 4a and 4b are passed.through an
envelope detecting circuit, such as a low;pass filter 7,
and are supplied to an amplifier 14 to be added or ampli-
fied. A traverse signal, which is the output signal from
the amplifier 14 and shown in FIG. 5A, is supplied to a
limiter amplifier 15 to be shaped as a rectangular wave-
form signal and applied to a D-input terminal of the
flip-flop circuit 11. A non-inverted output Q of the
flip-flop circuit 11 is supplied to an, up-and-down
change-over control terminal of the counter 12.

In FIG. 4, a control circuit 16 is supphed from input
terminal 16a with a signal synchronized with the rota-
tion of the rotary disc 3. When the rotating frequency of
the rotary disc 3 is, for example, 30 H;, a signal with a
frequency of, for example, 32 times 30 H;, or 960 H_, is
applied to the input terminal 16a. The counter 12 is
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preset at every each rotation of the rotary disc 3 by a
control signal (whose frequency is 1/32 of 960 H;) from
a control circuit 16.

The phases of the traverse and tracking error signals

shown in FIGS. 5A and 5B are shifted by 90° with
respect to each other. When the tracking error signal is
zero, the traverse signal becomes peak and when the
tracking error signal is at its peak, the traverse signal is
zero. In the illustrated embodiment, the flip-flop circuit
11 discriminates the positive or negative of the peak of
the traverse signal by the rising edge of the tracking
error signal. The tracking error signal is added or sub-
tracted in response to the discriminated positive or
negative value in the counter 12.
. FIG. 5C shows the content of the counter 12 and
represents a measure of the eccentricity of disc 3 in a
direction perpendicular to a line tangent to the record
track on the rotary disc 3.

The variation error signal (a digital signal) is mea-
sured by the measuring device 10 over one revolution of
the rotary disc 3, and is stored in a RAM (random ac-
cess memory) 17 serving as a memory device. An ad-
dress counter 18 is provided for the RAM 17 which
counts the pulse signal of 960 Hz supplied from the
control circuit 16. The write-in and read-out operations
of the RAM 17 are selected by a control signal from the
control circuit 16. At the starting point of the normal
rotation of the rotary disc 3 during the write-in opera-
tion, the variation error signal measured over one revo-
lution of the rotary disc 3 by the measuring device 10 is
written in the RAM 17 in about 0.1 second, in one exam-
ple. During the tracking control operation, the contents
of the RAM 17 are read out and applied to a digital-to-
analog converter 19 to be converted to an analog signal.
The analog signal is then fed to a level adjuster 20
which adjusts the level of the analog variation error
signal. The adjusted analog variation error signal is then
applied to an adder 21 to be added to the tracking error
signal supplied from the differential amplifier 5. The
output from the adder 21 is supplied to a phase compen-
sating circuit 22 and a drive amplifier 23 to the tracking
control device 6. The displacement or deviation of the
beam spot B on the light receiving element 4 is compen-
sated for or corrected by the tracking control device 6.

Referring to FIG. 6, another embodiment of the pres-
ent invention will be now described. In FIG. 6, the
variation error signal is applied to an actuator 24 which
moves the light receiving element 4 in a direction at
right angles to the boundary line L to correct the light
receiving element 4 and to thereby compensate for the
positional displacement or deviation of the beam spot
on the light receiving element 4 from the tracking con-
trol device 6.

A further embodiment of the present invention will
be described with reference to FIG. 7. In FIG. 7, the
variation error signal is supplied to the actuator 24
which then drives a galvano-mirror 25, located in the
beam path between the beam splitter 1 and the light
receiving element 4, to compensate for or correct the
positional displacement of the reproduced beam on the
light receiving element 4 in a direction perpendicular to
the boundary line L. In this example, the tracking con-
trol device 6 drives a tracking mirror 26 which is sepa-
rate from the galvano-mirror 25 and is located between
the objective lens 2 and the beam splitter 1.

In the above-mentioned examples of the present in-
vention, a bi-morph, a voice coil used in a speaker, an
electro-magnetic device and so on may be employed as
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the tracking control device 6 and the actuator 24, re-
spectively.

It is to be recognized that the variation error signal
can be measured over more than one revolution of the
recording carrier and the mean value thereof can be
stored in the memory device 17.

According to the tracking control apparatus for an
optical information reproducing system of the present
invention as described above, the tracking control can
be performed irrespective of the eccentricity of the
optical recording carrier, such as a rotary disc.

Although specific embodiments of the present inven-
tion have been described in detail herein with reference
to the accompanying drawings, it is to be understood
that the invention is not limited to those precise embodi-
ments, and that various changes and modifications may
be effected therein by one skilled in the art without
departing from the spirit and scope of the invention as
defined in the appended claims.

We claim as our invention:

1. A tracking control apparatus for an optical infor-
mation reproducing system in which a light beam for
reading the information is incident on a signal record
surface of a recording carrier on which a substantially
circular record track is formed, comprising:

photo-detector means including first and second por-

tions for detecting said light beam from said re-
cording carrier and generating respective first and
second outputs, and means for generating from said
first and second outputs an information signal and a
first tracking error signal indicative of deviations of
beam position relative to the center of said record
track, said information signal being the sum of said
first and second outputs and said first tracking
error signal being the difference between said first
and second outputs;

tracking control means receiving said first tracking

error signal for controlling the transverse position
of said light beam with respect to said center of said
record track;
measuring means for generating a digital second
tracking error signal indicative of any eccentricity
of said recording carrier during at least one revolu-
tion of said recording carrier, said measuring means
including delayed flip-flop means with a delayed
input terminal, a clock input terminal and an output
terminal and providing an output signal at said
output terminal, a preset up/down counter having
a clock input terminal, an up/down switching con-
trol terminal and an output terminal and providing
an output signal at said output terminal, said infor-
mation signal from said photo-detector means
being supplied to said delayed input terminal of
said delayed flip-flop means, said first tracking
error signal from said photo-detector means being
supplied to said clock input terminals of said de-
layed flip-flop means and said up/down counter,
said output signal of said delayed flip-flop means
being supplied to said up/down switching control
terminal of said counter;
memory means receiving said output of said counter
for storing said digital second tracking error signal;

means for converting said digital second tracking
error signal from said memory means to an analog
signal; and

means for supplying said analog signal from said

means for converting to said tracking control
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6

means to adjust said beam position in response
thereto.
2. A tracking control apparatus for an optical infor-
mation reproducing system in which a light beam for
reading the information is incident on a signal record
surface of a recording carrier on which a substantially
circular record track is formed, comprising:
photo-detector means for detecting said light beam
from said recording carrier and generating there-
from an information signal and a first tracking error
signal indicative of deviations of the position at
which the beam is incident on said record surface
relative to the center of said record track;

tracking control means responsive to at least said first
tracking error signal for controlling said position of
said light beam transversely with respect to said
center of said record track;

measuring means for generating a second tracking

error signal indicative of any eccentricity of said
recording carrier during at least one revolution of
said recording carrier;

memory means for storing said second tracking error

signal; and

means responsive to said second tracking error signal

for relatively positioning said light beam from the
recording carrier and said photo-detector means
while said tracking control means responds to said
first tracking error signal so as to avoid reduction
of the dynamic range of said tracking control
means as a result of said eccentricity.

3. The apparatus of claim 2; wherein said photo-
detector means includes first and second portions gener-
ating first and second output signals, respectively, and
means for summing said first and second output signals
to derive said information signal, and means for sub-
tracting one of said first and second output signals from
the other to derive said first tracking error signal.

4. The apparatus of claim 3; wherein said measuring
means includes delayed flip-flop means, and counter
means connected to said delayed flip-flop means to
provide said second tracking error signal in digital
form.

5. The apparatus of claim 4; wherein said delayed
flip-flop means has a delayed input terminal, a clock
input terminal and an output terminal, and said counter
means includes a present up/down counter with a clock
input terminal and an up/down control terminal; said
information signal is applied to said delayed input termi-
nal, said first tracking error signal is applied to said
clock input terminals of said delayed flip-flop means and
said preset up/down counter, the output signal from
said flip-flop means is applied to said up/down control
terminal of said preset up/down counter, and the output
signal from said counter is applied to said memory
means.

6. The apparatus of claim 5; and further comprising
digital to analog converting means for converting the
digital second tracking error signal to an analog second
tracking error signal.

7. The apparatus of claim 2; in which said means
responsive to said second tracking error signal includes
means for adding said second tracking error signal to
said first tracking error signal prior to application of the
latter to said tracking control means so that the relative
positioning of said light beam from the recording car-
rier and said photo-detector means is also determined
by the positioning of said light beam transversely with
respect to said center of said record track.
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8. The apparatus of claim 2; in which said means
responsive to said second tracking error signal includes
actuator means for adjusting the position of said photo-
detector means relative to said recording carrier in
response to said second tracking error signal.

9. The apparatus of claim 2; in which said means
responsive to said second tracking error signal includes
- second tracking control means for adjusting said light
beam from the recording carrier relative to said photo-
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8 ,
detector means in response to said second tracking error
signal.

10. The apparatus of claim 9; wherein said second
tracking control means includes mirror means for re-
flecting said light beam from said recording carrier, and
actuator means for adjusting the angular position of said
mirror means in response to said second tracking error

signal.
* * * * *



